The aim of this study was to compare antimicrobial resistance profiles of distinct types of ListL'rin monoci types. There was a low amount of diversity of resistotypes, which were defined in this study as subdivisions of actA types according to antimicrobial resistance profiles of the isolates. The five tetracycline-resistant isolates represented all the members of one actfl type in lineage II. This study showed that antimicrobial resistance is not highly prevalent in L. monocytogenes from a poultry further processing environment. Types of L. monocytogenes as distinguished by actA sequencing do not predict antimicrobial resistance except possibly for tetracycline resistance. L. monocytogenes types that persist in a poultry cook plant are not related to antimicrobial resistance, and excluding tetracycline resistance, antimicrobial resistance does not seem to differ according to actA type or lineage.
Introduction

L ISTERIA MONOCYTOGENES IS
foodborne pathogen responsible for the two deadliest foodborne disease outbreaks in the history of the United States (Anonymous, 1999; Ryser, 1999) . Foodborne listeriosis is especially dangerous for immunocompromised individuals, for whom antibiotic treatment may he indicated. The primary drugs of choice are ampicillin or ampicillin in combination with an aminoglycoside such as streptomycin or gentamicin (Charpentier and Courvalin, 1999) . Patients allergic to penicillins may be treated with trimethoprim and sulfarnethoxazole in tandem (Poyart-Salmeron et al., 1990) .
Although antimicrobial resistance is less common in L. tnonocytogenes than in some other gram-positive bacteria (Mayrhofer et al., 2004) , it has been shown to be capable of evolving into a multidrug-resistant pathogen (Charpentier and Courvalin, 1999) . In the gastrointestinal tracts of animals and in food-processing plants, L. inonocytogenes can be exposed to conjugation with Enterococcus spp. and Staphylococcus spp. carrying plasmids coding for antimicrobial resistance (Charpentier and Courvalin, 1999; Navratilova et al., 2004) . This has been shown to occur for trimethoprim (Charpentier et al., 1995) and vancomycin (Biavasco et al., 1996) resistance. Strains resistant to tetracycline (Charpentier and Courvalin, 1999) and ciprofloxacin (Godreuil et al., 2003) have also been reported. Antimicrobial-resistant L. inonocytogenes have been recovered from meat (Rota et al., 1996) and poultry products (Yucel et al., 2005) .
Contaminated raw poultry meat can be a vector for transfer of L. monocijtogenes from a slaughter plant to a further processing plant. In a study by Berrang et al, (2005) , L. monocytogcncs types isolated from raw poultry were recovered from both the raw and cook sides of a further processing plant on the same sampling day.
The DNA sequence of the actA gene can he used to subtype L. monoctìtogencs and distinguish subpopulations. Using an actA sequencing method, 14 distinct types (A-N) were divided into groups that correlated with two previously described lineages (Cai et al., 2002; Meinersmann et at., 2004) . Lineage I contained types A, B, D, J, and K, while lineage II contained types C, E, F, C, H, I, L, M, and N. One particular type (D) isolated on raw poultry became persistent throughout the plant, even on the cook side, where it contaminated a cooked poultry product on at least one occasion. The prevalence of antimicrobial resistance in L. inonocytogenes isolated from the environment within poultry processing plants is not evident in the literature. The objective of the current study was to report this prevalence and examine antimicrobial resistance diversity within each of the 14 actA types.
Materials and Methods
L. monocytogenes cultures
In an earlier study by Berrang et al. (2005) (CLSI, 2004) were used for data analysis. Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, and Enterococcusfaecalis 29212 were used as quality control strains.
Statistical analysis
FOPGENE (version 1.32) population genetic analysis software (Yeh et al., 1997) was used for statistical analysis. Diversity of antimicrobial resistance among the actfl types was analyzed by Nei's index of diversity (Nei, 1987) , which measures the probability of randomly selecting a second individual that is different and by measuring G, the variability due to comparing the differences between lineages I and II. 
Results
Antimicrobial susceptibility results for all isolates can be found in Table 2 ; the Nei's index of diversity and G, t values are presented in Table 3 ; the numbers and cluster analysis of resistotypes detected in each actA type are shown in Fig. 1 . Resistances were observed to ceftriaxone, oxadim with 2% NaCl, ciprofloxacin, and tetracycline. All 14 actA types included resistotypes with resistances to ceftriaxone and oxacillin with 2% NaCl. Ciprofloxacin resistance was observed in types A, C, L, and N, while tetracycline resistance was only observed in type L. Intermediate minimal inhibitory concentrations (MICs) were also observed with clindamycin (43 isolates from all types except B, J, L, and M), linezolid (3 isolates from types A, C, and G), and trirnethoprim/ sulfamethoxazole (1 isolate from type D). All other antimicrobials used in this study inhibited the growth of all L. monocytogenes from the poultry further processing plant.
Clinical isolates involved in human infections are often members of lineage I (Cai et al., 2002) . We found 77 isolates with 20 resistotypes in lineage I from actA types A, B, D, J, and K. Diversity was limited among antimicrobial resistance observed within these five types as most of these resistotypes were resistant or intermediate to ccftriaxone and resistant to oxacillin with 2% NaCl and susceptible to the other drugs. According to Berrang et cii. (2005) (Cai et al., 2002) . There were 80 isolates from 36 resistotypes in lineage II, including actA types C, E, F, C, H, I, L, M, and N. Similar to lineage I, there was little antimicrobial resistance diversity among types in lineage II. All these types showed resistance to ceftriaxone and oxacillin with 2% NaCl. Ciprofloxacin resistance was observed in types C, L, and N (one resistotype each). Type L showed more drug resistance than all other types. All five isolates (four resistotypes) in type L were resistant to tetracycline. This was the only type noted to have tetracycline resistance. MICs in the intermediate range were observed for ciprofloxacin (types C, F, C, and H), clindamycin (all types in lineage II except L and M), and lirtezolid (types C and G).
For lineage I, ceftriaxone and ciprofloxacin showed the highest antimicrobial resistance diversity among the actA types with Nei's index of diversity values of 0.4979 and 0.4149, respectively. The overall mean Nei's diversity value for lineage I was 0.1787. Lineage II was similar; ciprofloxaciri, clindamycin, and ceftriaxone showed the most antimicrobial resistance diversity with Nei's diversity values of 0.5353, 0.4950, and 0.4503, respectively. The overall mean Nei's diversity value for lineage II was 0.2550. (Nei, 1987) , which measures the probability of randomly selecting a second individual that is different.
value measuring the variability due to comparing the differences between lineages I and II. cOxacilli n with 2% NaCl. 
S S 2
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Discussion
The high prevalence of resistance to ceftriaxone and oxacilhin with 2% NaC1 noted in the current study is similar to that reported elsewhere. According to Heger et al. (1997) and Troxler et al. (2000) , newer generations of cephalosporins, like ceftriaxone, have no in vitro effect on L. inonocytogenes. This innate resistance is due to the lack of specific penicillin-binding proteins 3 and 5 in the Listeria cytoplasmic membrane (Heger etal., 1997) . Trox icr etal. (2000) reported that L. monocytogenes were also naturally resistant to oxacillin with 2% NaCl.
Tetracycline resistance was observed only in one type (L), and ciprofloxacin resistance was observed only in type A of lineage I and types C, L, and N of lineage II. Type H is closely related to types C, L, and N, but none of the type H isolates were resistant to ciprofloxacin. Resistance to tetracycline and ciprofhoxacin has been reported in L. nionocytogenes isolated from foods (Walsh et al., 2001; Navratilova et at., 2004) . The acquired resistance to ciprofloxacin may be due to the acquisition of the Listeria drug efflux (Lde) gene that could pump the drug out of the cell before its concentration is high enough to be bactericidal (Godreuil et al., 2003) . The acquired resistance to tetracycline and ciprofloxacin may be related to the historical use of these antibiotics in broiler production (Charpentier and Courvalin, 1999; Godreuil et al., 2003) . Listeria in lineage II appear to have histories that include lateral gene transfer (Mcinersmann et al., 2004) .
Types A and D were the most persistent types isolated from the poultry further processing plant (Berrang et al., 2005) and also exhibited the most diversity relative to antimicrobial resistance. However, this diversity could be due to the fact that these types had more isolates than other types. It was also observed that persistence of L. monocytogenes in a poultry further processing plant was not related to antimicrobial resistance.
Regarding Nei's index for diversity, the higher antimicrobial resistance diversity among ciprofloxacin (0.4149 in lineage I and 0.5353 in lineage II) might be due to the fact that only certain strains of L. monocytogenes are able to acquire ciprofloxacin resistance genes. However, it was surprising to note higher antimicrobial resistance diversity with ceftriaxone (Nei's index of diversity values of 0.4979 in lineage I and 0.4503 in lineage II) because L. monocytogenes is naturally resistant to cephalosporins.
As stated earlier, clindamycin had the highest value (0.1634) or distinction of all the antimicrobials in the two lineages. This is likely due to actA types intermediate to clindamycin being common in lineage II. The overall mean G, t was 0.0700, indicating there was little to distinguish the two lineages according to antimicrobial resistance diversity (given by Nei's diversity values). Thus, lineages I and II are not distinct from each other using the traits assayed. The antimicrobial resistance diversity between clinical types (lineage I) and environmental types (lineage II) were similar with Nei's diversity values of 0.1787 and 0.2550, respectively.
Conclusion
Antimicrobial resistance prevalence was low among L. monocytogenes isolated from a poultry further processing plant, and the antimicrobial resistance diversity within the types (resistotypes) was also low. All L. monocytogenes isolates from a poultry further processing plant were sensitive to the drugs used to treat human listeriosis. Drug resistances observed were to ceftriaxone, oxacillin with 2% NaCl, and rare with ciprofloxacin and tetracycline. Excluding tetracycline resistance, antimicrobial resistance does not seem to be related to type or lineage. The lack of distinction between lineages I and II (by G) and similar overall mean Nei's index of diversity values may indicate that there is also little difference in antimicrobial resistance variability between clinical and environmental isolates.
